Tissue adhesives are being used in medical and cosmetic industries and first aid for a long time. But their everyday usage has not been widespread. Only case report information is available about their usage. Despite good and meaningful results after they were used, there is lack of standard information that gives idea of about in which cases they could be helpful. Nowadays, cyanoacrylates are used in the surgery more frequently. In this review, we wanted to oversee the biochemical properties and the urological utilisation areas of cyanoacrylates.
Introduction
Tissue glues are classified as natural protein based, biomimetic, synthetic, and hybrid tissue adhesives (Table 1) . [1] Cyanoacrylic (CA) glues are synthetic, and hybrid tissue sealants, belonging to a chemical group which demonstrates strong, and rapidly acting adhesive properties, and used prevalently in industry, medicine, and household activities. CA family is termed based on cyano, and ethylene groups, and variable alkyl groups, and consists of methyl-2-cyanoacrylate (2-MCA), ethyl-2-cyanoacrylate (2-ECA), n-butyl-cyanoacrilate (nBCA), isobutyl cyanoacrilate, octyl cyanoacrylate (OCA), and 2-octyl cyanoacrylate (2-OCA) ( Figure 1 ). The 2-OCA is used in medicine, veterinery medicine, and emergency first aid. OCAs have been developed to alleviate toxicity concerns, and minimize skin irritation, and allergic response. Firstly, OCA spray form was used to decrease blood loss in soldiers till they gained access into medical facilities. BCA was used till 1970, however USA Food and Drug Administration did not permit its further use.
[2] nBCA demonstrated irritative effects, however nowadays different cyanoacrylate variants formed with the addition of compounds to CAs have been easily used in medicine.
Studies have approved their higher safety profiles, and improved functionalities in wound closure when compared with suturing. [3] As observed in many studies closure of wounds with time have led to favourable results as decrease in the incidence of infection, and achievement of cosmetic healing. [3] [4] [5] It has been reported that CAs were used to prevent seeding of tumor cells during surgery with favourable outcomes. [6] The shelf-life of CA tubes kept close is one year, it is one month if the tubes are opened for application. Polimerization stops at -18˚C, and this issue should be kept in mind while storage conditions are ensured. [7] As review of Cochrane database has revealed that CAs have been used prevalently from the year 2004 up to now. [7] In surgery it is widespreadly used as an alternative to suture materials for the prevention of infection, and leakage. CAs exert their effects through a mechanism resembling to granulation process occurring during various stages of wound healing. [3] [4] [5] 8] Biochemical Characteristics of CAs (Table 2) Cyanoacrylates are acrylic resins which adhere, and bind to the surface within 5-6 seconds in the presence of water, and especially with hydroxide ions, and finally undergo exothermic polymerization within 60 seconds (Figure 2 ). It perfectly binds to the tissue, and exerts bacteriostatic effects. Dependent on the quality of adhesives, and tissue types, their duration of activity may show variations, while film layer formed by the glue may be eliminated by hydrolytic resolution. OCA, and nBCA have been widely used in medical, and veterinary applications, and generally they do not induce pain. Butyl esther forms ensure strong, solid, and rigid bonding, while octyl esther forms show weak affinity to tissues, and due to their long-chain components they degrade more slowly. nBCAs have been used from 1970 up to now as a medical sealant, hemostatic, and embolic agent for wound repair, for skin closure in pediatric surgery, and obliteration of by UV -dityrosine -it is synthetized from insects, and mussels-They are activated by light
Heat-activated adhesives -Lactide-ε-caprolactone -Trimethylolpropane-lactide-ε-caprolactone processus vaginalis during repair of congenital inguinal hernias, as a hemostatic agent to control bleeding of parenchymal organs, in aortic, and thoracic surgery, in the management of arteriovenous malformations, and bleeding gastric varices, in applications for vascular neuroradiology, and interventional radiology. [9] [10] [11] [12] If basic principles are obeyed safe use of nBCA for external, and internal applications has been demonstrated both in preclinical, and clinical studies. [13] Cyanoacrylic glues ensure high degree, and strong bonding to biologic tissues when compared with other adhesives. CAs have short (methyl-2 or ethyl-2), and long-chain (nbutyl-2, and n-octyl-2) forms. Thanks to polymerization mechanism, when they get contact with blood or water contained in the tissue they form a very tight cover. Shortchain forms are rarely used. Because they are very rapidly degrade, and subsequent formation of formaldehyde is very toxic. However long-chain forms degrade slowly, and have minimal toxic effects. They can be easily used in topical applications for closure of the skin defects. A paramount increase in the use of long-chain CAs has been reported. [14] In recent years Glubran ® (General Enterprise Marketing, Viareggio, Lucca, Italy) which was developed to minimize toxic effect of CA glues contains ethyl-2-cyanoacrylate, butyl acrylate, and methacryloxysulphalan, while Glubran-2 ® (General Enterprise Marketing, Viareggio, Lucca, Italy) comprise combination of n-butyl cyanoacrylate, and methacryloxysulpholen monomers. [15] [16] [17] In a study by Kull et al. [18] it has been proved in all tests that Glubran-2 ® creates a high tensile strength between biologic tissues, and polymerized film layer with resultant increased bonding capability. In tension tests higher breaking strength of polymerized adhesive has been acceptedly emphasized.
Biocompatibility of Glubran
® and Glubran-2 ® , their cytotoxicity, their compatibility with blood, and their antimicrobial activities have been tested In in vitro biochemical studies performed using 'neutral red uptake test', any toxic effect of Glubran ® and Glubran-2 ® extracts was not observed when they were applied at 1:10 dilution on L929 cells incubated on culture media. Both adhesives decrease partial thromboplastin time (APTT) significantly. Therefore desired hemostasis is achieved. Decrease in APTT exerts a hemostatic effect, and therefore it contributes to tissue adhesion induced by adhesives. On the other hand, any negative effect on the activity of prothrombin, fibrinogen levels, platelet, total and subgroup leucocyte counts has not been reported. Therefore they don't have hemolytic effects. Glubran ® , and Glubran-2 ® exert similar effects on blood parametres. [15, 19] Montanaro et al. [15] reported that when used at high concentrations, adhesives may have cytotoxic effects, however when they are diluted they may lead to adverse effects at an acceptable level. On the other hand they confirmed that when used intensively, adhesives have acceptable levels of tissue compatibility. [15, 19] 
Toxicity
Cyanoacrylates interact with tissue. Smokes appearing after reaction of CAs with tissue, are caused by vaporization of CA monomers, and they irritate sensitive membranes of eyes, nose, and throat. They polymerize, and lose their toxic effects instantaneously when they get contact with moisture in the membranes. In order to minimize these risks aeration should be very well ensured when CA is used. In nearly 5% of those who are exposed continuously to the effects of CA, sensitivity to CA can develop which lead to flu-like symptoms. It may irritate skin, and lead to allergic cutaneous reactions. Rarely it may trigger asthmatic crisis.
[20] Association Advancing Occupational and Environmental Health (ACGIH) has determined its exposure limit as 200 per one billion particles. For all CA glues only one criterion of toxicity does not exist. Presence of very different CA formulas lead to formulation of multiple number of glues. As indicated by 'United States National Toxicology Programme' and 'United Kingdom Health ve Safety Executive' though ECAs have short-chain structures, when complied with instructions for use, their application is safe, therefore conduction of additional study is not required.
[20] Since 2-OCA compounds has a longer organic skeleton, they dissolve very slowly, and can not reach tissue toxicity threshold levels (Table 2) .
Their use in Urologic Diseases
Cyanoacrylates are glues have a single component. They rapidly dry up (within 2-50 seconds) and do not contain any solvent. They have a higher thermal resistance. Besides they ensure adhesion even with a little amount of glue, and penetrate into even very small gaps. In urologic practice, ethyl, and n-butyl versions of Glubran ® and Glubran-2 ® are used. Firstly, they were developed, and used during World War II. [17] As soon as they get contact with air, blood, and tissues, they react rapidly with these media, and start to be polymerized. Within 60-90 seconds they form a resistant film layer with a higher tensile strength. [15] [16] [17] They are highly adhesive synthetic lucent fluids with hemostatic properties. On wet places, and moist environments they form a tension-resistant film layer with antibacterial properties which does not allow passage of fluid. [21] Owing to their hemostatic, embolic, and adhesive properties their use in urology conveys importance, and butyl, and esther forms are frequently employed. [17, 22] Optimal polymerization temperature of CA glue is 45 o C, and it has antiseptic properties. [23] In 1998 FDA approved use of 2-octyl-cyanoacrylate for the closure of external wounds, and surgical incisions. [17] Experimental Studies
Testes
In an experiment performed on rats by Ayyıldız et al. [24] the authors applied Glubran-2 ® on testicular tissue, and tunica albuginea, and demonstrated that Glubran-2 ® had exerted adverse effects on testicular tissue, seminiferous tubuli, impaired spermatogenesis, tunica albuginea, and caused testicular calcification. They indicated necessity of exercising utmost care during testicular applications. [24] Penile tissue Akgül et al. [25] examined effectiveness of Glubran 2 ® in cavernosal surgery in the management of experimental penile fracture, and reported its favourable effect on healing thanks to its hemostatic, adhesive, and anti-inflammatory properties. It decreases development of fibrosis. The development of reaction to foreign substance was reported at a lesser frequency. [25, 26] Excellent results had been obtained from pathological analysis performed during acute phase. Its long-term penile tissue reactions should be evaluated, and mating of rats should be observed. [25] Its long-term effects on erection should be overseen.
Urethra and spongiosal tissue
In the same study, Ayyıldız et al. [24] applied Glubran 2 ® on urethra, and spongiosal tissue of injury-induced rats, and demonstrated that healing of tissues had been excellently, and favourably effected. Their study has substatiated easy applicability of Glubran 2 ® mainly in hypospadias, then all urethral surgeries, and penile tissues. [24] Renal artery occlusion In an experimental animal study, Cylwik et al. [27] embolized renal arteries with CA glue delivered through catheterization, and histopathological evaluation performed 3 months later revealed that adhesive was not resorbed at all. Seven days later they observed degeneration of collagen, elastic fibers, and reticulin, and development of tumefaction. While 24 hours later inflammatory process had started, and 2-3 months later secondary collagenation, and hyalinization were observed. Inflammation forms at the perivascular area. Two-three months later progressive atrophy of nephrons, and parenchymal fibrosis develop without occurrence of renal infarction. [27] Applications on Patients (Table 3) Circumcision In recent years, tissue adhesives have been more prevalently used because of their easy applicability, their ability to shorten procedures, and excellent cosmetic outcomes relative to standard suturing techniques. [28] [29] [30] Especially their antimicrobial effects on gram-positive bacteria are very important for wound care. [31] Decrease in the incidence of sinus formation, and tissue granulation is another important advantage of these adhesives. [32] The above-mentioned problems developing during circumcision using laser, have been overcomed by additional use of tissue adhesives. On the other hand they prevent the risk of development of hematoma, and suture-related adhesions. [33] Kelly et al. [32] used CA glues in 502 cases whom they performed suturless circumcision operations, and couldn't encounter postoperative complications as hematoma, and bleeding. Görgülü et al. [33] used CA after circumcisions they performed using laser, and reported complications only at a minimum level. They reported incredibly low rates of hematoma, and bleeding (0%) with combination therapy, while in standard treatment incidence rates of hematoma, and bleeding were reported as 1.4, and 2.2%, respectively. In the combination group in 0.8% cases of dehiscence of circumcision site was seen. [33] Urinary fistulas Bardari et al. [21] used Glubran ® in 3 cases, and published their results. The first patient had undergone suprapubic prostatectomy for BPH. This patient had previously un- dergone abdominoperineal resection for rectum carcinoma, and a fistula had developed between prostate loge, and perineum. A ureteral catheter with two open ends was placed in the fistula, and fistula was closed with CA glue when the bladder was empty without any complication. The other two cases had undergone radical cystoprostatectomy. One of them developed a fistula between neobladder and urethra, and urine leakage at the site of anastomosis between neobladder, and urethra had been detected. Since fistulas had stemmed from neobladder, the application was performed when the neobladder was fully distended Warm physiologic saline was used during application of the adhesive glue to achieve rapid polymerization. In all three cases 2 mL Glubran ® achieved adequate healing. Urethral catheters were left dwelling for 2-7 days, and uneventful healing was achieved.
[21] During an average follow-up period of 21 months, in none of the patients urinary leakage, fistula, stone formation, and any other side effect were seen.
[21]
Muto et al. [34] used CA glues via endoscopic, percutaneous, and endovaginal routes for urinary fistulas developed due to different etiologies. They treated 13 patients with iatrogenic, and inflammatory urinary fistulas using 1-3 mL Glubran ® . They also emphasized that they had achieved complete success for long fistulas narrower than 1 cm, while in 2 cases with larger, and short fistulas this treatment had failed. During average follow-up period of 35 months, any recurrence was not seen in successful cases. The authors stressed that CA glues are safe, and provide minimally invasive occlusive treatment which can be applied via endoscopic, percutaneous, and endovaginal. They also underlined that these adhesives should be considered as a first option in the treatment of urinary fistulas. [34] It was demonstrated that vesicocutaneous fistula (2 cases) occurring following surgery performed to correct bladder extrophy was closed with deepitelization after use of adhesive glue. Safe use of Glubran 2 ® in pediatric cases has been also emphasized. [35] Incidence of anastomotic leakage following radical prostatectomy has been reportedly range between 3.5, and 23 percent. [36] Lim et al.
[37] presented 10 (0.5%) patients whose vesicourethral anastomotic leakage developed after radical prostatectomy (total n=1828) was successfully treated under local anesthesia using nBCA (Histoacryl ® ), and fibrin adhesive applied with the aid of cystoscopy (Figure 3) . They indicated that before application of Histoacryl, they had instilled 5% dextrose through catheter to refrain from premature polymerization of CA, and freezing of nBCA which facilitated realization of this application. The authors observed development of a bladder stone because of migration of the adhesive into bladder.
[37] Formation of bladder stone had been associated with the use of fibrin adhesives. Still authors recommend that every possibility should be checked to discard potential migration of Histoacryl ® into bladder lumen.
[37] Besides, use of lipiodol together with CA glues offers the advantage of radiographic visualization.
[37]
Enteric fistulas Generally, they occur after any surgical treatment of gastrointestinal system. It is one of the serious complications of abdominal surgery. Reoperation increases both morbidity, and mortality rates. [38, 39] Besides, they delay patients'return to their social activities, and prolong hospital stay. If second operation also fails, then the risk of morbidity, and mortality will also tremendously increase. Therefore CA glues were used to shorten closure time of the fistula, and also prevent a second operation. [38] [39] [40] Previously, foams, and fibrin adhesives had been used to close enteric fistulas temporarily. These agents do not provide tensile, and bonding strength as achieved with CA glues. [15, 16] Mauri et al. [40] analyzed three cases that Bladder developed enteric fistulas after gastrointestinal cancer surgery in consideration of chemical, and physical characteristics of Glubran 2 ® . Treatment was successful immediately after treatment in two, and in the long-term in one case. The authors indicated CA glues as the most ideal agents for the closure of this kind of fistulas. [40] They also stated that for optimal utilization of CA substrates, and ensure their adhesion to neighbouring tissues, before embolization, and application, collections of fluid or abscess should be completely drained. The auathors added a few drops of lipiodol on the adhesive to ensure visualization. Even though this procedure was applied on scarce number of patients, they performed this procedure under radiographic visualization. They demonstrated that this technique will potentially help to shorten healing process of postoperative enteric fistulas, and decrease the number of reoperations. [40] Lymphocele Efficacy of CAs for the treatment of lymphorrhea, and lymphocele developed after pelvic, and retroperitoneal lymphadenectomy, and also for the hemostatic control of hematomas developed following pelvic surgery has been also indicated.
Endoscopic application
Polymerization is accomplished more rapidly in full bladder, and wet environment. This condition facilitates realization of polimerization suitable for endoscopic use. Placement of adhesive glue does not constitute a risk in cases with full bladder.
Laparoscopy
In a comprehensive study where 1347 cases from 26 centers who had undergone laparoscopic partial nephrectomy were evaluated, LPN was emphasized as a relatively challenging technique which carries risk of important complications as bleeding requiring transfusion, and urine leakage, and also concerns about need for ablation, and reconstruction exist. [41] When these cases are analyzed in detail, we see that Glubran ® has been used singly or in combination with fibrin adhesives in series with 15, 34, and 36 cases. In recent years, studies have investigated the role of newly introduced tissue adhesives, and proved that when they were used for hemostasis, and repair of the collecting system, they increased success rates, and decreased complication rates in addition to their safe use in LPN. [42] In their series of 23 cases who had undergone LPN, Košina et al. [43] reported that Glubran 2 ® was a safe, and effective adhesive, and during long-term follow-up, they didn't encounter tumor recurrence without any additional serious financial burden on treatment expenditures.
Endoscopic Resection of Bladder Tumor
Carmignani et al. [44] performed nephroureterectomy in a 81-year-old patient with a grade 3, stage pT3N0M0 transitional cell carcinoma (TCC) of the bladder who were using heparin because of varices of his lower extremities. During TUR-M performed for TCC recurrence, arterial bleeding occurred which couldn't be terminated with endoscopic techniques. Subsequently based on previous experiences 3 mL Glubran-2 ® was injected 3 mm deep around bleeding area which completely stopped bleeding. The authors indicated that they experienced similar cases before, and obtained favourable results. They emphasized that if bleedings occurring during cystoscopic procedures can not be controlled by using any means, the first alternative should be CA glues. They also demonstrated that during this application bladder should be full, and distended for 90 seconds so as to allow the adhesive to stick to the bladder wall, and form a film layer. [44] Ureterocutaneous fistula Ureterocutaneous fistula is a rarely seen complication of renal surgery. For the treatment of fistula developed in a 33-year-old female patient, 2 mL CA glue was delivered through urethral lumen via retrograde endoscopic approach into the fistula tract. The authors demonstrated closure of fistula one week later, and also complete symptomatic relief was observed during 5 months of followup. They reported that this is a suitable, and effective approach in the management of ureterocutaneous fistulas. [45] Open partial nephrectomy Košina et al. [43] used CA glues to prevent bleeding, and urine leakage in patients who were switched from laparoscopic to open partial nephrectomy. They reported that outcomes were comparable to those obtained with laparoscopic surgery without any occurrence of bleeding, and urine leakage during postoperative period, and tumor recurrence within 3 years of follow-up.
Embolization of varicocele
Favard et al. [46] retrospectively compared three CA glues including Glubran 2 ® ' used for the embolization of varicocele, and reported minimum pain on 1., 7., and 30. days after embolization in all cases with shorter scopy times. Recurrence rates of varicoceles at 25. months of the follow-up period were statistically significantly lower in patients for whom Glubran 2 ® was used relative to other adhesive glues. Glubran 2 ® induces a local inflammatory reaction characterized by sclerosis, and thrombosis which does not cause more severe pain when compared with other embolic agents. Glubran 2 ® cyanoacrylate glue provides rapid, and practical application in the embolization of var- icoceles in addition, it exposes patients to lower doses of radiation, and leads to decreased recurrence rates. [46] Arteriovenous Malformations Transcatheter embolization was performed using Glubran-2 ® for a young patient with diagnosis of pelvic arteriovenous malformation who had described recurrent episodes of hematuria. All vascular branches involved in pelvic arteriovenous malformation were successfully occluded, symptoms of the patients regressed, and at the end of 6 months of follow-up, permanent occlusion of ÁV malformation was ensured. [47] Hypospadias Based on their clinical experience on a scarce number of cases Ayyıldız et al. [24] used Glubran 2 ® as an adjunct during primary repair of hypospadias, and indicated lack of any contraindication for its use with this indication (unpublished data). On the contrary, Hosseini et al. [35] reported skin necrosis due to overuse of the adhesive in two cases with hypospadias.
Priapism
Gandini et al. [48] performed embolization of fistula using Glubran-2 ® with the aid of a catheter for the management of arteriovenous fistulas in 2 cases who developed posttraumatic priapism. Cases with priapism were treated successfully 24 hours later. Sexual activity of the patients was regained 30 days later, and they demonstrated permanent closure of arteriovenous fistulas during 12 months of follow-up period. [48] Skin closure Recently, 2-octylcyanoacrylate tissue adhesives (2-OCA; Dermabond ® , Ethicon, Inc., Sommerville, New Jersey, USA) have being used for the closure of minor lacerations, and minor surgical incisions. Shimizu et al. [49] reported their use of adhesives for the closure of post-radical prostatectomy wounds from the year 2006 on, while before that date they were using staplers. They retrospectively compared the patients for whom they had used staplers (n=133), and 2*OCA (n=101) from the perspective of economic burden. Wound site infection developed in 3 cases for whom they had used adhesives, and 3 patients for whom they used staplers had contracted infections. In one case in the tissue adhesive group wound dehiscence was seen. Use of staplers instead of synthetic adhesives decreases treatment costs considerably with acceptable side effects. [49] Applications in Pediatric Urology Prestipino et al. [50] , used CA adhesives for hypospadias surgery, and indicated that they could be used as an alternative to suturing with excellent outcomes in that they form extra film layers, and demonstrate strong tissue bonding capabilities. Adhesives form impermeable watertight barriers for body fluids as urine and blood. It is a perfect barrier against feces, and other infectious agents. They reinforce healthy tissue repair, and prevent development of edema, and hematoma. Despite these positive effects, they have found a limited use in pediatric applications. Their applications include closure of surgical incision, circumcision, and closure of urethrocutaneous fistulas developed following hypospadias surgery. [50] Cyanoacrylates are favourable alternatives for closure of post-circumcision wounds relative to conventional techniques. In addition to their easy applicability, they considerably shorten operative times, and duration of postoperative pain, ensure eventless safe healing, and provide better cosmetic results. [24] Other indication for their use is closure of urethrocutaneous fistula developing after hypospadias surgery. [24, 51] Owing to their tensile strength CAs get contact with all corners of the fistula, healing process with perfect outcomes have been observed. This non-surgical application is really encouraging, and allows closure of fistulas without surgical intervention. This healing process occurs in both short-, and long-standing fistulas. This treatment alleviates anxiety of families, and they can be easily applied without the need for general anesthesia. [22, 50] Besides, their use for the obliteration of processus vaginalis during hydrocelectomy has been also reported. [9] [10] [11] [12] Their use with mesh In an experimental trial, Kukleta et al. [13] performed mesh fixation in rabbits with CA glue -nBCA (Histoacryl ® ), and did not observe a reaction in muscle tissue during the acute phase. They reported fibroblastic tissue reaction characterized by mildly or moderately inflammatory cells. Evaluation made 360 days later, had demonstrated a mild increase in fibrotic tissue, and mononuclear cell counts, together with higher number of multinuclear giant cells in certain foci. They revealed disappearance of adhesive in the tissue after ninety days. They used Histoacryl ® CA glue in the fixation of meshes during the laparoscopic repair of hernias. For the fixation of meshes 6-8 drops of tissue adhesive had been used instead of suturing in 1336 cases, and favourable results had been obtained, and minimal tissue reaction was reported. Any difference could not be found between tissue adhesives, suturing, and use of staplers. Their study demonstrated suitability of using tissue adhesives as the first alternative based on comparative assessments of benefit, and economic burden. [13] Application of cyanoacrylate tissue adhesives Devices are available for superficial, vesical, intraureteral, intraurethral, tissue, intravascular, and laparoscopic applications. Figure 4 shows shows application devices. Besides, ureteral catheters which are frequently used in urology, and needles used for endoscopic treatment of vesicoureteral reflux have been also utilized. The advantages of CA tissue adhesives are shown in Figure 5 .
In conclusion, based on the information obtained from studies cited in the literature, their use has been mostly indicated in case reports, and despite favourable, and significant outcomes, standard information on their indications of use in urology is lacking. However as a matter of fact application of newly designed CAs (Glubran ® ) does not exert harmful effects on tissues. With this fact under consideration, their indications should be investigated based on risk-benefit ratio. Tissue adhesives should be routinely used for the prevention of postoperative bleeding, and implantation of tumor cells when tumoral integrity is disrupted, and also in cases of urine leakage. Prioritization of their use in iatrogenic urethrocutaneous fistulas developed after hypospadias repair decreases morbidity, and mortality. However their use in these indications should not be considered as an alternative to surgery. Thanks to new formulations of both short-, and long-chain CA tissue adhesives, minimal toxic effects have been indicated. When their biochemical characteristics, rapid adhesions to tissues, antiseptic, and hemostatic effects taken into account, their use in daily practice does not appear to be contraindicated. However generally all tissue adhesives do not handle all potential problems. Of course, a good surgical technique is needed. Besides use of radiopaque substances as lipiodol together with CA glues confers an advantage for better visualization of the application site. In addition, it should not be forgotten that for the management of the fistulas with narrow, and long tracts, trial of CA tissue adhesives will offer an important alternative. 
